Semisynthetic penicillins in concentrations greater than 1.0% (wt/vol) were found to inhibit the limulus lysate assay for endotoxin.
The limulus lysate assay has been used extensively in the pharmaceutical industry as a quality control tool, mainly for the detection of endotoxin in water systems and quality control analysis of finished products (1) usually in conjunction with the standard USP animal test.
The presence of endotoxin is indicated by the formation of a firm gel in the assay tube after incubation of the lysate and test sample. Inhibition of the gelling reaction occurs as a result of suboptimum physical and environmental factors (i.e., temperature of incubation and pH of test samples). Sullivan and Watson (2) have reported that heparin also has an inhibitory effect on the assay. We found that, in general, concentrations of semisynthetic penicillins greater than 0.5% (wt/vol) will prevent firm gelation. Optimum antibiotic concentrations for the routine testing of semisynthetic penicillins (both finished products and in-process intermediates) were determined by testing the antibiotic samples at different concentration levels with commercially available limulus lysate.
"Spiked" test samples (penicillin-endotoxin solutions) were prepared as follows. Penicillins were weighed into pyrogen-free vessels on an analytical balance. Commercially available normal saline for injection, USP was used to reconstitute the penicillins to achieve the desired concentrations of weight to volume (see Table 1 ). The pH of all samples was adjusted to within the range of 6.0 to 8.0, using pyrogen-free 1 N sodium hydroxide or 1 N hydrochloric acid. Aliquots (4.0 ml) were taken from each reconstituted penicillin sample and added to vials containing commercially prepared lyophilized Escherichia coli lipopolysaccharide (final concentration, 5.0 ng of endotoxin per 0.2 ml of solution).
Commercially prepared single-test tubes containing lyophilized limulus amebocyte lysate were each reconstituted with 0.2 ml of a penicillin-endotoxin solution. Positive and negative water controls were prepared in the same manner, reconstituting the lysate single-test tubes with a water-endotoxin solution and pyrogenfree water, respectively. All tubes were incubated in a water bath for 1 h at 37 C. After the incubation period, all tubes were compared with the positive and negative water controls, and the results (i.e., degree of gelation) were recorded as follows: + + = very firm gel (tube can be rotated 1800 without disturbing gel); + = moderately firm gel (gel will not withstand 1800 rotation); + = increase in turbidity or viscosity; -= no gelation (negative).
Results of all testing are summarized in Table 1 . Although gelation was observed at the 1.0% (wt/vol) level with sodium methicillin, sodium ampicillin, monosodium carbenicillin, and disodium carbenicillin, firmer and more consistent gelation in all of the above penicillins was observed at the 0.5% (wt/vol) level. As a result, our laboratory has set a level of 0.5% (wt/vol) for routine testing of all the abovementioned intermediates and finished products. Sodium oxacillin and sodium cloxacillin (members of the isoxazole group of penicillins) reacted differently. Gelation in sodium oxacillin was observed only at the 0.5% (wt/vol) concentration. It was necessary to lower the concentration level of weight to volume to 0.3% before any reaction was observed in sodium cloxacillin (see Table 1 ).
We have not, as yet, determined whether gel inhibition is independent of endotoxin concentration. Various concentrations of commercially prepared endotoxin from 5.0 to 0.125 ng/ ml are being tested in all penicillins listed above. To date, inconsistencies in the degree of gelation have been observed from lot to lot of both endotoxin and lysate, stressing a need for standardization of all commercially produced E. coli lipopolysaccharide and limulus lysate. 
